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Photosynthetic microbial mals offer an opportunity to
define holistic functionality at the millimeter scale. At
the same time, their biogeochemistry contributcs to
environmental processes on a planetary scale. Thesc
mats are possibly dircet descendents of the most an-
cient biological communities; communities tn which
oxygenic photosynthesis might have been invented.
Mats provide one of the best natural systems to study
how micrabial populations associate to control dy-
namic biogeochemical gradients. These are sclf-
sustaining, complete ecosystems in which light energy
absorbed over a dicl (24 hour) cycle drives the synthe-
sls of spatially-organizcd, diverse hiomass. Tightly-
coupled microorganisms in the mat have specialized
metabolisms that catalyze transformations of carbon,
nitrogen, sulfur, and a host of other clements.
Carbon and oxygen budgets of subtiday and inter-
tidal cyanobacterial mats [1]: Intertidal cyanobacte-
rial mats (Lynybyy-dominated) are contrasted with
mats (Microcoleus-dominated) that grow in subtidal
(0.7m watcer depth) hypersaline (90-110 pormil) envi-
ronments, In benthic chamber experiments conducted
in Oct.,, 1999, Lypgbya mats exhibited greater not up-
take of dissolved inorganic carbon (DIC) from overly-
ing water during the daylight period than Migrocoleus
mats (e.g., 200 vs 120 mmol C/m at 26 deg C, respec-
tively). Net DIC release at night was similar for both
mats (~80 mmol C/m). Daytime nct Oy release by
Lyngbya mats exceeded that by Microcoleus mats (150
vs 100 mmol Oy/m), and O, uptake at night was com-
parable for both mats (60-80 mmol O»/m). Nonphoto-
synthetic populations arc more prominent within the
subtidal versus intertidal mats, and accordingly exhib-
ited greater internal O, uptake and DIC production
during the day. Over 24 hours, Lynghya-dominated
mats exhibited greater net uptake ol DIC than subtidal
Microcolgys mals, consistent with these intertidal mats
being “pioncer” communitics that constantly recover
from periodic physical disruption in energetic cnvi-
ronments. The Microcoleus-dominated mats achieve
steady-state mat thicknesses by balancing primary pro-
duction against diagenatic decomposition of cellular
and extracellular organic constituents.

Sulfate rducing bacteria; carbon isotopic dis-
crimination during heterotrophic and autotrophic
growth [2]: Anaerobic sedimentary microbial commu-
nities can profoundly influence the isotopic and or-
ganic signatures preserved in the fossil record,  Ac-
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cordingly, we have determined carbon isotope dis-

crimination associated with both heterotrophic (organic

carbon-utilizing) and autotrophic {CO-utilizing)
growth of pure cultures of sullaie-reducing bacteria
{SRB). The isolopic composition of cellular constitu-
ents and excretion products can roflect biochemical
interactions al both intracellular and ecological levels.
Therefore, isotopic paticrns must be interpreted in the
context of kinetic isotope cffects that are modulated by
networks of enzymalic transformations that compete
for key substraics such as acetate. Sealed vesscls con-
taining the SRB cultures were harvested at different
time intervals, and dcl-"C values were determined for
gaseous CO;, organic substrates, and products such as
total cellular carbon. Desulfobacterium autotro-
phicum, which uses the acctyl-coenzyme A pathway
for both carbon fixation and acetate catabolism, ex-
pressed different isotope discrimination depending
upon the carbon source. Grown lithoautotrophically
(using H; and CQ,) with a large excess of available
CO;, the biomass was depleted by almost 12%s rclative
to the CO, substrate. Grown heterotrophically on ace-
tate, SRB biomass was only 0 10 2%. deploted relative
to acetate or the [inal CQ; pool, whereas the CO, re-
leased from acetate catabolism was depleted by 7%,
relative to the acetate substrate. In contrast, Desulfovi-
brio desulfuricans grown hetevotrophically produced
biomass and CO: that were about 3%e lighter than the
lactatc substrate, and these values did not change sig-
nificantly as a function of the fraction of lactate con-
sumed, Several preliminary conclusions can be made.
Isotopic discrimination associaicd with autotrophic
CO; assimilation is significantly larger than with
growth using lactate or acetate. Competition for acc-
tatc between assimilatory and dissimilatory pathways
might affect the relative del-""C valucs of biomass and
excreted carbon. Thus, by controlling the availability
of carbon substrates (c.g., lactate, acetate and CO;) and
reducing power (e.g., T12), ecological and other envi-
ronmental factors can substantially affect carbon iso-
topic discrimination by SRB.
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